The phenomenon of galvanomagnetic luminescence (GML) is the modulation of ordinary thermal emission by the application of mutually orthogonal electric and magnetic fields, parallel to an emitting surface. The part of the equilibrium thermal emission which is due to electron-hole recombination is modulated as the carrier concentrations near a crystal surface are altered by the electric and magnetic fields. Based on thermodynamic considerations, for small current density jx > 0 in the x-direction and small magnetic field B > 0 in the z-direction, the Lorentz force on mobile charges is expected to increase the total radiant emission flF in the negative y-direction:
Here flF has dimensions of Wm-2 , where G > 0 is the GML coefficient.
Because flF can have either sign, and is thermodynamically reversible by a change in the sign of B or jx ,flF can be used to produce a heat pumping action, for cooling or heating, provided that the coefficient G is sufficiently large, and thateq.(1) applies over a wide enough range of B and jx to make flF observable. As will be shown here, for intrinsic 1nSb at room temperature G = 1.8 p,W K1 T-1 and thus with B = 2 tesla and jx = 100 A cm-2 , the available cooling/heating rates are on the order of 4 Wm-2 . While the available cooling rate is small, it is by no means negligible. Maximum available radiative heat pumping rates have been discussed in another publication. 1
The first GML observations on 1nSb were made by 1vanov-Omskii, et al. in 1965. 2 The same • group reported 3 low resolution spectral measurements on p-type materials under high excitation (smallest excitation was j ~ 2000 A cm-2 , B = 0.5 T). These observations established that the emission was hand-to-band recombinatio~~ and that it was several times more intense for one polarity of the current compared to the other. Recently, Morimoto and Chiba have shown that the emission from intrinsic 1nSb is linear in current up to about ± 200 A cm-2 at 2 T,4 and is approxi- -3 - mately linear in magnetic field, at low currents, up to± 2T. 5,6 Measurements by Bolgov ,et at., 7, 8 focusing on the "negative luminescence" aspect of GML from InSb, have shown evidence that the equilibrium thermal emission from InSb due to band-to-band recombination can be suppressed almost entirely by fields of 1 T and a few tens of volts per cm (j ~ 10 4 A cm-2 ).
In the remainder of this paper we outline the theory of galvanomagnetic luminescence under the restriction of weak excitation (. 6 .n « no ,Ap «Po, where .6.n and .6.p are the changes from the equilibrium electron and hole concentrations no and Po ) and compare it with our experimental results. This comparison yields an improved value for the room temperature recombination lifetime.
Consider the transport of electrons and holes in a crystal with its surface in the y = 0 plane, extending in the positive y -direction a distance large compared to carrier diffusion lengths and the photon absorption length. With suitable electric and magnetic fields there is a drift of carriers in the negative y -direction due to the Lorentz force. These carriers accumulate near the free surface at y = 0 until they recombine radiatively or by some other mechanism. (Auger recombination is dominant at room temperature.) In a stationary state we expect
, and L is an effective ambipolar diffusion length. A knowledge of An (y ) will permit us to calculate the modulation of the radiative emission. Let J be the number of electron-hole pairs per unit time per unit area which are approaching the y = 0 surface.
These pairs recombine at the rate .6.n (y )/T per unit volume in the interior, and at the rate sAn (0) per unit area at the surface. Here T is the excess carrier lifetime and s is the surface recombination velocity parameter. An integration over y gives -4 -
Under the assumptions of carrier non-degeneracy and the equality of drift and Hall mobilities it is not difficult to show (e.g., following Lile 9 ) that
where q is the magnitude of the electron charge and P e ,Ph are electron and hole mobilities. This 
where Ex is the electric field in the X -direction.
Consider now the photon propagation in the medium with the excess (or deficit) carrier spatial distribution given by (2). Radiant emission increases by the factor np / no Po compared to thermal equilibrium, while the absorptivity of the medium is decreased by this factor. Linearizing with respect to ~n and using ~ p = ~ n , one obtains the stationary transport equation for photons moving in the negative y direction, making an angle () with the y-axis:
Here R (O,y ,v) is the energy transfer per unit of solid angle, of photon energy, and area, a(v) is the equilibrium photon absorptivity, N is the index of refraction (dispersion is neglected), and b (v) is the Planck function per unit of solid angle, photon energy, and area: 
is in linear approximation, using (2),
The GML energy flux leaving the medium, per unit photon energy and area, is preamplifier and lock-in amplifier completed the electronics. The optical system was calibrated by replacing the sample by a small heated blackbody source with a mechanical chopper, operating at 100 Hz.
Our measured data is shown in Fig. 1 Integration over the spectrum of Fig.(I) Fig;3) , however, shows that the linearity oC the "negative" or suppressed luminescence extends to about 200 A cm-2 at 2T,implying that-~F =8.8 mW cm-2 . However, the equilibrium thermal emission oC InSb Cor wavelengths less than 7.5 /Jm at 300K is easily computed to be about 3.5 m W em -2. Thus we believe that their.
(implicit) value Cor G is in error, since .the absolute emission must remain positive. 
